Objective. To identify the causes and contributing factors of adverse drug events (ADEs) from the information management point of view.
Introduction
Patient safety and specifically medication safety should represent key parts of the quality assurance process in health care settings [1] . A number of studies have shown significant problems in medication safety [2] [3] [4] . Internationally, adverse drug events (ADEs) and medication errors have been widely studied from the view point of how often they occur in practice [3] [4] [5] [6] [7] , and how technology can be used to prevent them [6, 8 -10] . While this has received some attention, the types of contributing factors to and causes of ADEs could benefit from additional study [11] .
Traditionally, manual chart review is considered as a 'gold standard' for research concerning adverse events, although it is an imperfect and expensive method [12] . Furthermore, charts may not include many of the ADEs, especially outside the hospital. In one outpatient study, ADEs were frequent based on direct patient contact (18% of patients), but the rate was only 3% when medical records alone were used as a source for identifying them [5] . In addition, a study by Jha et al. [13] in inpatients found that many ADEs found via chart review did not overlap with those found using a computerized detection approach or spontaneous reporting, even though all the ADEs identified by the various approaches appeared valid. Updated computerized methodologies for detecting ADEs such as trigger-tool are successfully developed and tested [14] , but in order to develop a full picture of the nature medication errors and ADEs a variety of methodologies and data sources is needed [15] . Therefore, analysis of hospital incident reports, patient complaints and register data regarding adverse events all represent valuable sources of data about factors and circumstances related to ADEs [1, 16, 17] . In recent years, the number of patient complaints has also increased, probably because patients are more aware of their rights and more attention has been paid to patient safety [18] . These complaints contain detailed narratives about the case, and these data can be used to understand which factors contribute to errors in health care [1] .
On the basis of earlier studies medication information management plays a crucial role in safe medication care [19 -20] , because medication errors often occur in information transfer when a patient is admitted to, transferred within, or discharged from a hospital [19] . In addition, inaccurate and inaccessible information can lead to serious consequences if those deviations are not intercepted in the medication information management process. Consequently, the health information exchange may improve patient safety by eliminating many ADEs [20] . Thus, information about the nature of medication information management errors is needed in order to achieve sustainable improvements in practice.
The purpose of this study was to evaluate the nature of preventable ADEs based on data from national supervisory authority. In particular, the study focuses on the potential causes and contributing factors of preventable ADEs from the information management point of view. The study aims to answer the following questions:
(i) What are the causes of ADEs, and in which phase of the medication management process are the causes for ADEs present? (ii) How does information management affect the origin of ADEs? (iii) What are the contributing factors for ADEs in information management?
Materials and methods

Material
ADEs are injuries resulting from the use of drugs [21, 22] . ADEs can be divided into non-preventable ADEs (related to the nature of drug) and preventable ADEs (caused by medication errors) [23] . Medication error is defined as 'any preventable event that may cause or lead to inappropriate medication use or patient harm' [21] . These errors can cause serious injuries to patients, but most medication errors do not result in ADEs [24] . Generally, ADEs can occur at any phase of the medication management process, and they can be as a result of an action taken, that is, an error of commission, or as a result of an action not taken, that is, an error of omission [21] . Reason (2001, p. 11) has defined error as 'the failure of planned actions to achieve their desired goal' and these are divided into slips and lapses and mistakes based on their presumed underlying cause. Moreover, slips and lapses are associated with failures of execution when the plan is correct, but mistakes occur when the plan is inadequate [25] . In this retrospective study, statements of the National Supervisory Authority for Welfare and Health (Valvira) were used to analyse preventable ADEs that occurred in health care settings. Valvira is responsible for the processing of patient complaints concerning serious injuries or deaths, official statement requests about causality of injuries or deaths and supervising the adequacy of health services. Prior to data collection, research permission for this study was obtained from the Valvira. The basic principles of research ethics were strictly followed and the first author (V.J.) was committed to confidentiality concerning all the register data. The original data used in this study was confidential in its nature, and for that reason, data analysis was only permitted on-site at the Valvira. Systemized data about Valvira statements for patient complaints was available for research purposes from the beginning of 2000, and data concerning Valvira statements for other authorities from the beginning of 2001. Thus, the data used in this study comprised patient complaints (n ¼ 16) and statements for official requests of local authorities (n ¼ 41) from the years 2001 -07. Each Valvira statement included the following appendices: a copy of all relevant patient records, for example, nursing notes, medical records, medication lists, experts' opinions about the case, possible court orders, statements of defence of all parties, such as health professionals, managers involved in the case and scientific evidence regarding the reasoning adopted by Valvira. One statement included data regarding the whole care chain of the patient, and thus, this one statement might include more than one medication error that led to the ADEs in different health care organizations. In this study, due to the complex nature of cases, each error was analysed independently.
A retrospective review often requires the analysis of data that were originally collected for reasons other than research [26] . Thus, data gathering had to be conducted in two phases. First, the file numbers of relevant statements were manually sought from statistic data forms, which Valvira uses to document statistics from every statement they have issued. The statistics included data about the event, health care organization, health professional, reason for complaint/ request, outcomes of complaint/request and conclusion of the statement. Inclusion criteria for this study were that the statement was related to medication care and some form of ADE was present. Statements related to medication care in psychiatric units and dental care were excluded due to the structure of heath care services and type of patient complaints. More sensitive selection was conducted by screening all relevant statements and their appendices to ascertain whether the ADE could be attributed to malpractice. In this phase, all statements related to ADEs in clinical drug research or abuse of drugs were excluded in order to improve the validity of the data. In total, 57 statements were accepted into this study.
Methods
In this study, both qualitative and quantitative approaches were used to analyse the data. First, statements were analysed using qualitative content analysis [27] . The analysis was mainly based on the classification of ADEs which was adapted to the medication use process and to the earlier classification system (HaiPro) developed for adverse event reporting purposes [28] . Variables used in this study and approaches for content analysis are presented in Table 1 .
Detailed content analysis of statements was conducted as follows: First, each statement and its appendices were read several times to obtain all relevant information regarding the ADEs. Then, in the deductive approach the data were coded according to the classification of ADEs, and the codes were recorded in an anonymous form on the data extraction form. MS Excel software was used in data gathering, and an Excel sheet was used as a data extraction form in order to transform the narrative data into electronic format. The coded data did not include personal data concerning the patients or health professionals in question. Causes and contributing factors were analysed using inductive content analysis [27] . First, unit of analyses were selected and then the data were categorized according to similarities. Then, the causes of ADEs were summarized into seven themes: Communication, Documentation, Guideline related, Human factor, Information transfer, Patient related, Use of data. The contributing factors were summarized into 10 themes: Availability of patient data, Data were not reviewed, Duplicated documentation, Guideline was not followed, Handwritten data, Inadequate documentation, Information transfer, Use of copy -paste, Work process, Other. In addition, these themes were quantified. In this study, contributing factors were identified only from ADEs related to information management (n ¼ 26), and they were understood as factors which contribute to error, but are not the cause of error. Some of the contributing factors may directly generate ADEs, but in general, these factors increase the risk for the ADEs.
Descriptive statistics were used to examine the characteristics of these ADEs. Cross-tabulation was used to represent the joint frequency distributions of variables. SPSS for Windows version 14.0 was used for the statistical analysis of data.
Results
A total of 57 statements were reviewed, and the 67 ADEs that occurred in the statements were analysed from the years 2001 -07. Figure 1 presents the categories of error types used in this study and the occurrence of the categories. The classification included also other categories, but only those categories related to the 67 identified ADEs are presented in Figure 1 .
Within the sample, 56% of patients were women (n ¼ 32) and 44% were men (n ¼ 25). ADEs led to death in 43 patients (75%) and 7 patients (16%) developed temporary or permanent injuries. The youngest patients were new-born babies (n ¼ 2), but children and adolescents were not represented in this study data. Most of the patients were older than 65 years (n ¼ 39), and there were fewer 35 -64-year-old adults (n ¼ 15). Most patients (61%) were admitted to the unit for a period of more than 1 week (n ¼ 35); only 12 patients has a length of stay between 1 day and 1 week. Most patients had more than two medical conditions. The most frequent were heart disease, high blood pressure and diabetes. Patients were admitted to the hospital or contacted a physician for a number of different diagnoses, for example, operation, infection, stomach pain or worsened general condition. The majority of ADEs (81%) occurred for inpatients in primary health care units (n ¼ 26), in specialized health care units (n ¼ 19) or in nursing homes (n ¼ 10). Other environments in which ADEs were present were home care (n ¼ 2), outpatient clinics (8) and phone service (n ¼ 2). The majority of ADEs (n ¼ 23) occurred in the prescription phase and when the prescriptions were transcribed followed by medication administration (n ¼ 21). Figure 2 presents the number of ADEs at each phase of the medication use process analysed in this study.
Human factors issues and problems with the use of data were the most frequent themes, but poor communication and lack of the use of guidelines were also important. Human factors were cited in 39 statements. Human factors issues as a cause were closely related to technical and calculation errors, look-alike drugs and documentation of medication data. Figure 3 presents the causes of ADEs divided into information management errors and other errors. Error types related to information management occurred in every phase of the medication use process. In some of these, information management errors were a primary cause for the ADE, but other factors also had an effect on the cause of the adverse event, while in others these issues were secondary. ADEs, in which an error in information management was present (n ¼ 26), are presented in detail in Table 2 (error of commission) and Table 3 (error of omission). In addition, Figure 4 summarizes contributing factors for ADEs in information management.
Fifteen of the information management errors concerned physicians and eight registered nurses. The responsibilities and tasks in the medication management process are defined by law. Thus, the error types were strongly task related; typically, physicians made errors in the prescription phase, and the registered nurses in the administration phase. Figure 5 presents the recording systems used in health care when information management errors occurred in the medication management process. Most often, the paperbased patient record system was the system used, which means that all the patient data are recorded on paper. In addition, an electronic patient record system was generally used. The patient data were also stored or copied in documents other than patient records.
Discussion
This study aimed to identify the potential causes and contributing factors of preventable ADEs in a national sample of A patient was admitted to the hospital from another health care unit. A physician examined the patient and dictated his/her documentation in the patient records. The physician did not review the transcription of dictation, and for that reason, the wrong dose of drug was documented to the records. It is unclear if the physician dictated unclearly, and thus the error occurred in the dictation phase, or whether he/she dictated 'in the evening' instead of 'on Tuesdays' (these sound alike in Finnish)
Work process
Data documented incorrectly
Human factor: slips and lapses A patient was admitted to the hospital, and a nurse documented drug dosing as 'once a day' instead of 'once a week' in the patient records in writing. It is not known from where the nurse got the data. In the patient records of previous care episode from a month before, the drug dose was correctly documented A physician prescribed medication to the wrong patient. Patients were listed by name in the electronic patient record system. A mistake occurred when a physician chose the patient for whom prescription was intended. In addition, the nurses did not react to the medication, although it is generally used in the ward and the indication (¼disease) was not mentioned in the patient records Table 3 Errors of omission related to information management (n ¼ 9)
Phase Error of omission (n ¼ 9)
Patient related factor The physician did not prescribe the necessary medication before an operation, because patient data were not available, and the patient did not tell her/his home medication, with the result that the data were partly incorrect Availability of patient data
Data not documented
Human factor: violation A patient was admitted to the hospital for an operation. Medication data in the anaesthesia form were not documented correctly, although in the patient records, all medication data were available. A physician supposed that a drug had been stopped, because the patient did not mention that drug in the interview Use of copy -paste
Use of data: Data were not reviewed
The necessary medication data were not documented in the anamnesis because the physician could not review the patient's medication history from another organization's patient records, and the physician did not clarify the patient's medication history from the patient him/herself Availability of patient data Prescription and transcribing (n ¼ 2)
Human factor: slips and lapses A physician prescribed medication, but the nurse did not transcribe the medication to the nursing notes and medication list. The medication care was delayed by a week
Duplicated documentation
Data not documented
Human factor: violation A patient contacted the physician by phone two days after the appointment. The physician prescribed the patient more contraindicated pain killer without reviewing the patient's status and medication history. He/she did not document the prescription in the patient records Data were not reviewed Guideline not followed Administration (n ¼ 3) Data not documented Human factor: Slips and lapses A nurse administered medication to the patient, but did not document administration. After change of shift, another nurse administered the same medication to the patient Information transfer Guideline not followed Data were not documented Human factor: Slips and lapses A patient had been prescribed pain medication to be taken as required and was given medication by a nurse who did not document the dose, route, who made the prescription, and administered the medicine to the patient Guideline not followed Hurry (Figure 4 : Other category) Data were not documented Human factor: violation A nurse administered medicine to the wrong patient and did not document the administration in the patient records
Guideline not followed Discharge (n ¼ 1)
Data not transferred Documentation: Data not documented A patient was admitted to the health centre unit from the hospital. The necessary medication data and instructions for further care were not included in the epicrisis. For this reason, medication care was inaccurate at the health centre unit
Guideline not followed spontaneously reported ADEs, focusing in particular on the contribution of information management. We developed a classification approach for types of ADEs, which included 11 main classes and their sub-classes. Six of the main classes were identified from the study data ( Figure 1 ). We found that ADEs occurring in the prescription, transcription and administration stages were most frequent, and human factors were the leading class of underlying cause. Data concerning patient complaints and reporting incidents have been used in many other studies for research purposes [16, 17] , but official statements have relatively infrequently been analysed. These have the advantage that they cover the entire nation. In addition, different sources of data provide different levels of detail especially with respect to system factors; data in official statements typically have substantial information about these factors which can be used in order to understand complex phenomenon and their causes. The principle limitation of patient complaints is reporting bias, and under-reporting represents a major issue [29] .
Others have also found that ADEs were common in the prescription, transcription and administration stages of the medication use process [3, 9] , and human factors were important for all of these. Overall, human factors issues as a cause were associated with a large proportion of preventable ADEs. In one study, Nuckols et al. [17] found human factors to be present in 46% of hospital incident report narratives, but their objective was to study the content of the narratives and ascertain whether or not they could find contributing factors. In this study, some of the most common human factors issues were related to calculation, misunderstanding, inadequate knowledge and reliance on memory. Consequently, the majority of human factors issues in information management errors fall into the categories of slips and lapses, which arise from informational problems, such as forgetting or incomplete knowledge [25] .
All the other causes were related to information management, which emphasized the importance of data in medication management process. Omissions of use of patient data were another common cause for information management errors. This is the case when the patient data are accurate and available, but nobody reviews it. This is a worrying result, and it may reflect motivational or organizational problems, because typically, violations like this occur in a regulated social context [25] . One reason for omissions might be a hurried/rushed environment, which is an explanation for deviations from safe practice commonly identified in health care.
In this study, the majority of information management errors were related to documentation, copying the data or contraindicated prescriptions, and they occurred in the prescription and transcription or admission phases. The use of the copy -paste method and information transfer were the most typical contributing factors, but duplicated documentation, lack of documentation, verification of dictation, ignoring guidelines, work processes and availability of patient data also contributed to errors in information management. This study showed that medication data are collected and stored in multiple phases, and information management is partly based on the copy -paste method, one which is prone to human errors. In addition, typing errors in prescriptions and other documentation errors, especially omission of documentation, are common. These errors should be easily prevented by utilizing the possibility of electronic data entries and structured documentation systems at the point of care.
This study has several limitations. First, the original data used in this study were not collected for research purposes, but was rather meant for the use of the national authority for the investigation of causality of deaths and injuries or patient complaints. For this reason, the original data have not been collected consistently over time, and the content of the data depend on the case in question. Furthermore, missing data and incomplete documentation are frequently quality problems when administrative databases are used in research [26] . Although the length of statements varied, there was a certain structure in the statements and their appendices, because these statements were official documents. The patient complaints, however, were unstructured and included spontaneous information about the case, but the official statement requests were based on legislation and thus, the content and reporting was more systematic in its nature.
A second limitation of the present study is the difficulty in interpreting information found in documents, because the causes and contributing factors were not clearly identified in the narratives. Thus, the identification of unit of analysis required inference, and the researcher was required to search for latent meanings within narratives [26] . The interpretation of the meanings was based on the theoretical background as well as tone of language and the words used. In this study, one author (V.J.) coded and analysed the study data, which may have biased the results. However, difficult classification issues were discussed with all authors. An anonymous summary of each statement was written, so verification of reliability of the classifications will be possible in further studies.
Thirdly, the representativeness of the study data should be noted. This study does not address the complete situation in Finland, but rather presents a partial picture of the serious ADEs. The study data included all ADEs which have led to serious injuries or the death of the patient, and which were reported to the national authority in Finland. Although during the 20th century the number of patient complaints has increased [18] and the regulations state that all unclear deaths in health care organizations should be investigated by authority, all the ADEs that occurred in practice have not been reported as patient complaints or as an official request of causality of injuries or deaths. The main reason for this is likely that they have not been detected, which is likely especially frequent in instances when the patient has been seriously ill or had several diseases. Finally, the principles for the selection of statements might have affected the results of this study [26] . During the first phase, the selection of the statements was based on the statistical data sheets which were compiled from every statement judged by Valvira. The statistical data were entered on the sheets by several individuals, and may include inconsistencies due to complex cases, for example, when the complaint/ request included different types of errors.
The results of this study provide insights about the causes and contributing factors of ADEs in Finland. Increased understanding of the nature of ADEs can be used to improve work processes and as a result, medication safety. As conclusion, this study show that information management processes in medication care need to be improved in order to be more effective to support clinical decision-making.
